Inonotus obliquus (Pers.:Fr.) Pilát has been traditionally used as a folk remedy for treatment of cancers, cardiovascular disease and diabetes in Russia, Poland, and most of the Baltic countries, but natural reserves of this fungus have nearly been exhausted. This study was designed to investigate the artificial cultivation of I. obliquus and the antitumor activity of its tissues. The ethanol extract of cultivated sclerotium had the highest cell growth inhibitory rate (74.6%) as determined by an 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. 78% of the bags produced sclerotia and only 6.17 g/bag of sclerotium was obtained. Extracts of the cultivated fruiting body showed 44.2% inhibitory activity against tumor cells. However, the yield was as high as 18.24 g/bag, and 98% of the bags produced fruiting body. The results of gas chromatography-mass spectroscopy (GC-MS) showed that similar compounds were extracted from the wild and cultivated samples. The principal compounds observed were lanosterol, inotodiol, and ergosterol. Their percentages of the mass fraction were 86.1, 59.9, and 71.8% of the total, for the wild sclerotium, cultivated sclerotium, and cultivated fruiting body, respectively. Ergosterol was found to be much higher (27.32%) in cultivated fruiting body. We conclude that cultivated fruiting body of I. obliquus obtained by inoculation of the substrate with spawn mycelium of the fifth generation could serve as an ideal substitute for the wild I. obliquus.
I. INTRODUCTION
The medicinal mushroom Inonotus obliquus (Pers.:Fr.) Pilát (Aphyllophoromycetideae) is a white rot species that belongs to the family Hymenochaetaceae of Basidiomycetes. This fungus is usually found as a sterile conk (sclerotia) called "Chaga" on Betula species in nature, whereas the fruiting body is rarely found in nature because it grows under the bark of trees and is easily eaten by insects. 1,2 I. obliquus (Chaga) has been used as a folk remedy in Russia and Eastern Europe for more than four centuries; 3 its beneficial influence on the treatments of several human diseases, in the absence of any unacceptable toxic side effects, has been established. 4 It produces a diverse range of metabolites, which are biologically active compounds possessing hypoglycemic, 5 hepatoprotective, 6 anti-fungal, and antitumor activities. 2, [7] [8] [9] In Vitro Antitumor Activity and Structure Characterization of Ethanol Extracts from Wild and Cultivated Chaga Medicinal Mushroom, Inonotus obliquus (Pers.:Fr.) Pilát (Aphyllophoromycetideae) Kukulyanskaya et al. 10 reported that Chaga produces a diverse range of phenolic constituents including hispidin analogs and melanins. These compounds are considered to be the active constituents in inhibiting replication of HIV-1 and influenza viruses, H1NI and H3N2. 11 Flavonoids, triterpenoids, alkaloids, briten, agaric acid, and inositol are also present. 12 As a result, anti-glucosuria, antitumor, antioxidant, immuno-enhancement, antibacterial, and antiviral effects have been reported. 13, 14 It has been illustrated that antitumor and antiviral activities are mediated by cellular and humoral immunities, respectively.
Traditionally, I. obliquus has been ingested in the form of a hot water extract prepared from a small piece of the mushroom (1-2 g), or from 1 tablespoon of crushed sclerotium. This produces an aqueous extract. Park et al. 15 have studied the methanol extract from I. obliquus and found it has anti-inflammatory and anti-nociceptive effects in rats and mice. Nakata et al. 16 reported that inotodiol isolated from I. obliquus exhibited potent antitumor promoting activity in an in vivo carcinogenesis test. Antitumor experiments with n-hexane extracts of I. obliquus found that triterpenoids, especially inotodiol, have a significant repressive effect against both Walker 256 carcinosarcoma, and MCF-7 human mammary adenocarcinoma in vitro, and against leukemia P388 in vivo. 8 On the other hand, Mizuno et al. 17 reported that extracts from the sclerotia of I. obliquus have a positive effect in controlling cancer, HIV-1, and stomach ulcers. Burczyk et al. 18 reported that the aqueous extracts of I. obliquus inhibited the cell growth of human cervical and uterine cancer cells (HeLa S3) at a concentration of 10 to 2000 μg/mL. A review of the literature found no reports on antitumor activity against human lung cancer from I. obliquus, especially the artificially cultivated sclerotia and fruiting body.
Nowadays, the development of more effective and safer drugs is stipulated, and natural products from plants and their synthetic derivatives are expected to play an important role. With increasing demand for the health benefits from I. obliquus, natural reserves of this fungus have been nearly exhausted. Previous attempts to grow this fungus focused mainly on the accumulation of mycelial biomass and polysaccharides, with little attention paid to the differences in availability, bioactivity, and constituents among wild and cultivated sclerotia and fruiting body. Therefore, many of the pharmacological functions of the cultivated I. obliquus are not yet clear.
The specific aims for this study were 1) to cultivate I. obliquus artificially in a solid substrate; 2) to compare antitumor activity of ethanol extracts among wild sclerotia, cultivated sclerotia and cultivated fruiting body; 3) to elucidate the structure of the petroleum extracts; and 4) to evaluate the potential of cultivated I. obliquus as a substitute for the naturally occurring form.
II. MATERIALS AND METHODS

A. Materials
Natural sclerotium of I. obliquus was collected from Mt. Changbai (Jilin, China), in October 2008. The sample was shade-dried, and then ground into powder by using a Wiley mill (200 mesh, model 1093 Cyclotec sample mill, Foss Tecator, Eden Prairie, MN, USA). The human lung cancer cell line, NCI-H460, was kindly provided by Dr. FangTing He (Hongkong, China). Growth medium RMPI 1640 containing 1 mmol/L L-glutamine was purchased from Gibco BRL (Grand Island, NY, USA). Ninety-six-well plates were purchased from Costar (Cambridge, MA, USA). Fetal bovine serum (FBS), antibiotics (penicillin G and streptomycin), phosphate buffered saline (PBS), and 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay kits were obtained from Sigma Chemical Company (St. Louis, MO, USA). We used analytical grade chemicals and Milli-Q water in this study.
B. Effect of Mycelia Generations on Artificial Cultivation of Inonotus obliquus
The mycelia of I. obliquus were collected from the wild sclerotium of I. obliquus, and occurred in the same location as mentioned above. This is the original mycelial generation of I. obliquus (SG0). SG0 was inoculated on potato dextrose agar (PDA) (Shanghai Biotech Inc., China) and incubated at 25ºC for 7 days, and then transferred to a culture medium by punching out 15 mm 2 mycelial plugs with a sterile self-designed cutter. The culture medium consisted of 83% cotton seed hulls, 15% bran, 1% glucose, and 1% CaSO 4 , and the water content was adjusted to 65%. A 400 g medium was put into a polyethylene bag, covered with three layers of cotton cloth, and sterilized in an autoclave at 121ºC for 90 min. After cooling, the medium was inoculated with the mycelial plugs (10 pieces per bag). Fifty bags of the medium were inoculated by SG0 in triplicate, and thus, 150 bags were obtained in total. All the bags were stored at 25ºC and 70% to 80% humidity until fruiting. A new generation of mycelia (SG1) was produced within 20 days as a result of propagation. These mycelia were used to inoculate the next generation of fruiting body and sclerotia, and also to obtain SG2. Using the same protocol, SG3, SG4, and SG5 mycelia were produced successively. For each generation, there were 150 bags of repeats (50 bags in triplicate). The total number of bags bearing fruiting bodies and/or sclerotia among the bags was counted directly. The obtained fruiting bodies and sclerotia were harvested, shade-dried, and then ground into powder by the same method as for the wild I. obliquus. The yield of the fruiting body and sclerotium in each bag was calculated as g dry matter.
C. Preparation of Ethanol and Petroleum Extracts
Five grams (dry matter) of powder samples (wild sclerotium, cultured sclerotium and cultured fruiting body) was weighed and poured into a 500 mL-conical flask containing 200 mL ethanol, and then immersed for 14 h. The mixture was filtered by a 200 mesh filter gauze, concentrated by a rotating vacuum evaporator (R206D, Shensheng Sci & Tech Co. Ltd., Shanghai, China), and then dried at 40ºC for 3 h to obtain the ethanol extracts. The dried powder was re-dissolved in ethanol and adjusted to a concentration of 100 μg/ mL (w/v). The obtained solution was subjected to the test for antitumor cell activity.
An additional 5 g (dry matter) of the powder samples were extracted by petroleum to using the same method as with the ethanol. The final concentration (petroleum extract) was adjusted to 100 μg/mL. The resulting solution was subjected to GC-MS analysis.
D. Antitumor Activity Assay
The human lung cancer cell line, NCI-H460, was stored in liquid nitrogen until use. Cells were thawed by gentle agitation of their containers (vials) for 2 min in a water bath at 37°C. After thawing, the content of each vial of cells was transferred to a 25 cm 2 tissue culture flask, diluted with up to 10 mL of RMPI 1640 supplemented with 10% (v/v) heat-inactivated FBS and 1% (w/v) penicillin/streptomycin, and then incubated in a humidified 5% CO 2 incubator at 37°C. NCI-H460 cells in the exponential phase of growth were harvested at a density of 8 × 10 4 / mL. Cell viability was assessed by the trypan blue exclusion test (Life Technologies) and cells were counted manually using a hemocytometer.
To 100 μL aliquots of the NCI-H460 cell suspension in three replicates and seeded to 96-well polystyrene tissue culture plates. We then added ethanol extracts to each well to make up the final concentration of ethanol extracts to 50 μg/mL. Control cells received 100 μL of culture medium. Cells were placed in a humidified 5% CO 2 incubator for 48 h at 37°C. After incubation, the supernatant in the wells was removed, and the cells were washed once with 200 μL growth medium. Fifty μL aliquots of MTT solution (2 mg/mL in PBS) were added to each well. The cells were re-incubated for 4 h at 37°C, followed by low centrifugation at 800 rpm for 5 min. Then, the 200 μL of the supernatant culture medium were carefully aspirated and 200 μL aliquots of dimethylsulfoxide (DMSO) were added to each well to dissolve the formazan crystals, followed by incubation for 10 min to dissolve air bubbles. The culture plate was placed on a micro-plate reader (Bio-Rad Model 550, CA, USA), and the absorbance was measured at 570 nm. All assays were performed in three replicates. Statistical analysis was done to determine the means ± SDs of inhibition rate. Inhibitory rate of cell prolif- 
E. Structure Characterization of Petroleum Extracts by GC-MS
Analysis of constituents of petroleum extracts (1.0 mL) was carried out with split mode injection using an HP-5MS (Supelco, Bellefonte, PA, USA) quartz capillary column, 30 m × 0.25 mm i.d. × 0.25 mm df installed in an HP-6890 gas chromatograph with a HP-5973N quadrupole mass detector (both from Agilent Technologies, Palo Alto, CA, USA) working in EI mode at 70 eV. Helium was used as carrier gas at a flow rate of 60 mL/min. Oven temperature was held at 70°C for 2 min, then programmed to 255°C at 10°C/min and held for 50 min, then programmed to 270°C at 10°C/min and held for 5 min. Chromatographic peaks were measured using an HPChem Station acquisition system. 20
F. Statistical Analysis
All samples were measured in triplicate. One-way analysis of variance (ANOVA) was conducted with a SAS package (Version 6.12 for Windows, SAS Institute Inc., Cary, NC, USA). When appropriate, the difference in means was determined using Tukey's multiple comparisons. Statistical significance was set at the 5% level of probability. Table 1 shows the results of artificial cultivation of I. obliquus by inoculating with different mycelial generations. We found that the yield and percentage of bags bearing fruiting body and/or sclerotia produced by inocula of different mycelial generations differed significantly (P < 0.05). The sclerotium proliferation ability of mycelial inocula declined as the generation number increased, whereas the proliferation ability of fruiting body increased as the generation number increased (P < 0.05). Only sclerotium was produced by SG1, while only fruiting body was produced by SG5. Much higher quantity of fruiting body (18.24 g, by SG5) than that of sclerotium (6.17 g, by SG2) was produced by cultivation of the mycelium of the wild I. obliquus. The percentage of bags bearing fruiting body was 98.0%, much higher than that of bags bearing sclerotium (59.3%).
III. RESULTS
A. Effect of Mycelial Generations on Artificial Cultivation of Inonotus obliquus
B. Antitumor Cell Activity Assay of Ethanol Extracts In Vitro
The antitumor cell activity of ethanol extracts from I. obliquus was investigated by an MTT assay. The Figure 1 shows the inhibitory rate against human lung cancer cells. The inhibitory rate was in the range of 44.2% to 74.6% for all three samples, and the ethanol extract of sclerotia showed a higher inhibitory rate than that of the fruiting body (P < 0.05). The ethanol extract of cultivated sclerotia reached the highest inhibitory rate (74.6%) among the three extracts, while that of cultivated fruiting body showed the lowest (44.2%) (P < 0.05). The results indicate that the ethanol extracts of either wild or cultivated I. obliquus can effectively restrain the growth of cancer cells in vitro.
C. Structure Characterization of Petroleum Extracts by GC-MS
The compounds of petroleum extracts from wild and cultivated I. obliquus were identified by GC-MS. The gas chromatograms of extracts from wild sclerotia, cultivated sclerotia, and cultivated fruiting body of I. obliquus are presented in Figure 2 . The principal compound names, molecular formulas, and mass fractions of the identified compounds are given in Table 2 . In total, 29 compounds were identified from the three samples. Sixteen compounds were found in petroleum extract of wild sclerotium; 20 compounds were found in that of cultivated sclerotium; and 19 were found in that of cultivated fruiting body. Of the total, 9 compounds were commonly presented among all three samples and the mass fractions were 90.0, 65.8, and 58.2%, respectively. The components in the wild sclerotium are a little simpler than that in cultivated ones. The 3 most abundant compounds in wild sclerotium were inotodiol, lanosterol and dodecanoic acid ethyl ester, with mass fractions of 59.20, 25.20, and 1.84%, respectively. The three most abundant compounds in cultivated sclerotium were lanosterol, inotodiol and linoleic acid ethyl ester, with mass fractions of 33.21, 17.34, and 9.31%, respectively. The three most abundant compounds in cultivated fruiting body were lanosterol, ergosterol, and inotodiol, with mass fractions of 31.65, 27.32, and 12.87%, respectively. The ratio of the mass fraction of these three compounds to that of the total compounds reached 86.1, 59.9, and 71.8%, for wild sclerotia, cultivated sclerotia and cultivated fruiting body, respectively. Ergosterol was found to be as high as 27.32% in cultivated fruiting body, but only 3.02% in the cultivated sclerotium, while below a detectable level in the wild sclerotium. The lanosterol and inotodiol existed in all three samples, and the mass fractions reached 84.22, 50.55, and 44.52%, respectively. The principal compound in wild sclerotium was inotodiol, with its mass fraction as high as 59.02%, whereas the principal compound in cultivated samples was lanosterol (Fig. 2, Table 2 ).
IV. DISCUSSION
Kim et al. 21 reported that the medicinal effects of I. obliquus were similar between the aqueous extract of fruit body and that of mycelia. In this study, the ethanol extract from the sclerotium showed higher antitumor activity than that of the fruiting body. However, the yield of fruiting bodies by artificial cultivation reached as high as 18.24 g/bag of dry matter, and the bags which bore fruiting bodies by inoculating the fifth generation of spawn (SG5) were counted 98% of the total cultivated bags, whereas only 78% of the cultivated bags produced sclerotium and only 6.17 g/bag of sclerotium in dry matter was obtained when the second generation of spawn (SG2) was inoculated (Table 1) . Therefore, the fifth generation spawn should be selected as inoculum, and the fruiting body should be harvested as the product because of its high productivity and low cost. Interestingly, we noticed that the number of generations of propagation affected the formation of sclerotium or fruiting body. The more propagated generation gave a higher yield of fruiting body. This finding has its practical significance for the cultivation of I.
obliquus. An MTT assay shows indirect Table 2 for the compound details of each peak.
cell-mediated cytotoxicity based on hydrolysis of MTT by mitochondrial dehydrogenases of living cells. We therefore tested indirect cytotoxicity and/ or a proliferation effect of ethanol extracts from I.
obliquus against cancer cells in vitro. , and reported a 50% inhibitory rate on the cancer cells. 22 They compared the value with that of mitomycin, an anticancer medicine which strongly inhibits the same hepatoma cell line. The data indicated that the highest inhibitory rate of the polysaccharides at the dose of 150 μg/mL was equivalent to the inhibitory rate of mitomycin at a dose of 5 μg/mL. 22 It seems that the ethanol extracts from I. obliquus had a stronger antitumor cell activity than the polysaccharides extracted by hot water.
A concentration of 50 μg/mL of the ethanol extract from the cultivated sclerotium could inhibit 74.6% of cancer cells in vitro, equivalent to the inhibitory rate of mitomycin at a dose of approximately 20 μg/ mL. Even for the ethanol extract from the cultivated fruiting body, it showed a similar inhibitory rate to the polysaccharides extracted by hot water. Therefore, the cultivated fruiting body could be an ideal potential substitute for wild I. obliquus. The composition of the extracts from I. obliquus was further clarified by GC-MS. There are large molecules in the ethanol extracts, and thus, make the GC-MC analysis difficult. Therefore we concentrated on the small components of petroleum extracts of I. obliquus. The results show that lanosterol and inotodiol were the principal compounds, both in the wild sclerotium and in the cultivated sclerotium and fruiting body; their mass fractions reached 84.22, 50.55, and 44.52%, respectively (Table 2) . Lanosterol is a tetracyclic triterpenoid, which is the compound from which all steroids are derived. Lanosterol and inotodiol were often found in I. obliquus. 23 Cui et al. reported that the ethanol extracts of I. obliquus, which contained triterpenoids and steroids including lanosterol, inotodiol, trametenolic acid, and ergosterol peroxide, had a strong antioxidant effect. 24 This suggests that the triterpenoids and steroids may account for the free radical scavenging effect of I. obliquus. Kier 25 reported that inotodiol inhibits cell proliferation through apoptosis induction by activating caspase-3. Our observations are consistent with those in other studies. I. obliquus appears to have an abundance of triterpenes, including lanosterol and inotodiol. Ham et al. 26 also suggested that the inotodiol component of I. obliquus has anticancer properties, while its lanosterol, ergosterol, and triterpene alcohol components may delay tumor growth. Moreover, they found that the triterpene acids in I. obliquus may inactivate cancer cells. 8, 16, 27 Ergosterol, a sterol, is a biological precursor (a provitamin) to Vitamin D 2 . It is converted into viosterol by ultraviolet light, and is then converted into ergocalciferol, which is a form of Vitamin D. 28 Ergosterol is a component of fungal cell membranes, serving the same function that cholesterol does in animal cells. The presence of ergosterol in fungal cell membranes coupled with its absence in animal cell membranes makes it a useful target for antifungal drugs. Research has shown ergosterol to also have antitumor properties. 29 Therefore, the strong antitumor activity of the ethanol extracts in this study could be caused by the plentiful bioactive compounds, including lanosterol, inotodiol, ergosterol, and so forthc in the ethanol extracts. It is rather strange that the ethanol extract from the cultivated sclerotium showed higher antitumor activity than that from the wild one. This may have been due to media conditions. Nevertheless, we could conclude that the cultivated sclerotia and fruiting body have similar antitumor compounds compared with the wild one, although the contents of each compound are different. The cultivated fruiting body, with its high yield in artificial production conditions, could partially, if not completely, serve the same role as the wild one does, due to its strong antitumor activity. Concerning the near exhaustion of the natural reserve of I. obliquus sclerotia, our results provide scientific evidence that the ethanol extracts from the artificial cultivated fruiting body can serve as an ideal substitute for the wild sclerotium.
V. CONCUSIONS
Cultivated fruiting body of I. obliquus obtained by inoculation of the substrate with the fifth generation of mycelia showed the highest yield of extract dry matter and a satisfactory antitumor activity. A concentration of 50 μg/mL of its ethanol extract could inhibit 44.2% of cancer cells in vitro. The 3 most abundant compounds in cultivated fruiting body are lanosterol, ergosterol and inotodiol. The ratio of the mass fractions of these three compounds to that of the total compounds reaches 71.8%. The cultivated fruiting body contains similar bioactive compounds and is rich in quantity compared with the cultivated sclerotia and wild I. obliquus, and thus could serve as an ideal substitute for the wild I. obliquus, thereby resolving the problem of the deficiency in natural reserves.
